Transformed and nontransformed cells in tissue culture differ in their rate of uptake of certain nutrients, as determined by a polyester-coverslip technique. A 2.5-to 3.5-fold increased rate of uptake of aaminoisobutyric acid, cycloleucine, and 2-deoxy-D-glucose was observed with polyoma virus-transformed baby hamster kidney (BHK) 21 cells and simian virus 40 (SV40)-transformed BALB/3T3 (mouse fibroblast) cells, compared to their nontransformed counterparts. Kinetic analysis suggested that the increased uptake by cells transformed with virus was associated with a 3-fold greater V.a,, with no detectable changes in apparent Km. Limited studies also revealed increased initial rates of uptake by murine sarcoma virus-transformed rat liver cells, as compared to the parental line. Exposure of cells to concanavalin A and wheat-germ agglutinin led to significant reductions in amino-acid uptake by both transformed and nontransformed cells; however, transformed cells showed a greater decrease in uptake after exposure to wheat-germ agglutinin. Increased initial rates of uptake of certain amino acids and sugars may be a feature common to transformed cells, compared to their parental control.
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Several investigators have examined the possibility that uptake or transport of nutrients by cells is altered in association with malignancy. Eagle, Piez, and Levy (1) found no reproducible differences in the ability of several cell lines derived from normal and malignant tissues to accumulate amino acids. Hare (2) also found no definite changes in the characteristics of phenylalanine transport by virus-transformed hamster cells. However, in a study of 3T3, and polyoma virus-transformed 3T3, cells, Foster and Pardee (3) observed a greater rate of uptake and V.n for a-aminoisobutyric acid and cycloleucine by the transformed cells.
Recently, other investigators have observed striking changes in the initial rates of uptake of certain hexoses, especially 2-deoxy-D-glucose, by transformed cells (4-9).
Hatanaka et al. found 6-to 15-fold increases in the rate of uptake of this sugar by mouse (5, 7) and rat cells (4) transformed by murine sarcoma virus, and in chicken cells transformed by Rous sarcoma virus (6) . This change was associated with a markedly lower Km for sugar transport. Since these workers found that cells infected with leukemia virus do not show this change, they considered changes in the value of Km to be related to the expression of specific sarcoma virus genes. Hatanaka et al. (6) did not observe any difference in the rate of transport of ileucine.
I examined in greater detail the kinetics of uptake by two normal cell lines and their DNA virus-transformed derivatives; namely, BHK 21 and its polyoma virus-transformed counterpart, and BALB/3T3 and SV40-transformed BALB/ 3T3 cells. The effect on uptake by the lectins concanavalin A (Con A) and wheat-germ agglutinin (WGA), which react with the plasma membrane, was also studied. The technique of Foster and Pardee (3) was modified to study transport with cells attached to plastic coverslips. Measurements of uptake, radioactivity, and protein were all made directly on the coverslips. Significantly greater initial rates of uptake (2.5-to 3.5-fold) occurred with the polyoma-and SV40-transformed cells. These changes were associated with an increase in V but with no change in Km.
MATERIALS AND METHODS
Cells and Culture Methods. Most experiments were done with BHK 21 (a hamster cell line; C13 clone) (10) and a polyomatransformed derivative (PyJ) (10) (Table 3 ). The changes in V.
( Table 2) were of comparable magnitude. There was a 2.3-to 2.4-fold greater rate of uptake of deoxyglucose by the SV40-transformed cells (at both 0.02 and 2.0 mM). Comparable results were obtained with an epithelial cell line of rat liver cells, and the corresponding cell line transformed by murine sarcoma virust. Transformed cells showed a 3.6-to 3.7-fold greater rate of a-aminoisobutyrate uptake and a 4-fold increase in their deoxyglucose uptake (Table 4) .
Effect of lectins on uptake by normal and transformed cell lines
The effect of various agglutinins on uptake was examined, since several lectins cause preferential agglutination of transformed cells (13) (14) (15) (16) (17) . When PyJ cells were incubated with 100 ug/ml of Con A or WGA, cycloleucine uptake was inhibited (75 and 47%, respectively; Fig. 2 ). This effect could be prevented or modified by the use of the appropriate haptens, which bind preferentially to the lectin and presumably displace it from the cell surface. Thus, when cells were incubated with Con A together with 0.04 M a-methylglucoside, no inhibition of cycloleucine uptake was detected. Further- more, the inhibition produced by Con A could be reversed by washing the cells with PBS and then incubating them in the presence of (0.04 M) a-methylglucoside. A similar effect could be produced by simultaneous or subsequent incubation of the cells with WCA and N-acetylglucosamine (Fig. 2) . Results with a-aminoisobutyrate were comparable to those with cycloleucine. the effect of WGA on uptake by 3T3 and SV4O-transformed 3T3 cells was more clear-cut (Table 5) . Thus, at 50 and 100
,gg of WGA/ml, a-aminoisobutyrate uptake by SV40-transformed 3T3 cells was 70 and 58% of the control value; however, there was little or no effect of WGA on uptake by 3T3 cells.
DISCUSSION
These results show that differences in the rates of uptake of certain amino acids and sugars can be detected between transformed and nontransformed cells. 2.5-to 3.5-fold greater initial rates of uptake and increases in V,.. were consistently found with nonconfluent polyoma-transformed BHK 21 cells (PyJ), SV40-transformed BALB/3T3 cells, and murine sarcoma virus-transformed rat liver cells than with the respective parental line. Kinetic studies failed to disclose any significant differences in the apparent Km for a-aminoisobutyrate, cycloleucine, and deoxyglucose by the transformed as compared with the nontransformed cells. The present results are comparable to those of Foster and Pardee (3) for the uptake of a-aminoisobutyrate and cycloleucine by 3T3 and polyoma-transformed 3T3 cells. They observed a 2-to 3-fold greater uptake and increase in V.. of a-aminoisobutyrate and cycloleucine by Py 3T3 cells; they also found no differences in Km or changes in the rate of uptake of glutamic acid and arginine. In contrast to their findings, we observed that the rates of uptake of arginine (Table  3) and glutamic acid were similar to those seen with a-aminoisobutyrate and cycloleucine.
Recently, others (4) (5) (6) (7) (8) (9) , have demonstrated changes in hexose transport by cells infected with either murine or Rous sarcoma virus. Hatanaka et al. (4) (5) (6) (7) (8) reported 6-to 15-fold increases in deoxyglucose uptake by the transformed cells, together with a decrease in apparent Km (about 10-fold) for hexoses by the sarcoma virus-transformed cells. In their experiments, these changes in apparent Km were not observed with SV40-transformed and mouse leukemia virus-infected cells (5) . Martin et al. (9) have shown that deoxyglucose uptake by a temperature-sensitive mutant of Rous sarcoma virus is greater at the permissive temperature.
In contrast to the present results and those of Foster and Pardee (3), Hatanaka et al. (6) found no difference in the uptake of ileucine by Rous sarcoma virus-transformed cells.
This discrepancy may be related to the conditions under which the uptake experiments were performed. I confirmed that uptake of amino acids was much diminished with cells whose intracellular amino-acid pool had not been reduced by prior incubation in the absence of amino acids (3) (4) (5) (6) (7) (8) may be more specific and reflect changes in the nature of the uptake sites. Some of these issues may be resolved by uptake studies with plasma-membrane vesicles prepared from transformed and nontransformed cells.
Since the changes in amino-acid and sugar uptake may involve alterations in cell surfaces (7) , the effects of lectins on the uptake process was of interest. WGA and Con A selectively agglutinate cells transformed by oncogenic viruses. This agglutination is inhibited by carbohydrate haptens believed to be sterically similar to the cell-surface lectin-binding sites (14) (15) (16) (17) (18) . Agglutination by WGA is inhibited by N-acetylglucosamine and that by Con A is inhibited by a-methylglucoside. As shown in Table 5 and Fig. 2 , concentrations of Con A that produced preferential agglutination of cells transformed by polyoma and SV40 decreased amino-acid uptake by the transformed cells. However, uptake by nontransformed BHK 21 and 3T3 cells was also decreased. In both instances the effect was reversible or prevented by the subsequent addition or presence of a-methylglucoside.
It is of interest that Con A produced selective agglutination of transformed cells, but decreased amino-acid uptake by both nontransformed and transformed cells. There appears to be no positive correlation between the number of cell-surface lectin-binding sites and the agglutination effects of Con A and WGA (19, 20) . The elucidation of the mechanism of action of Con A is further complicated by the fact (21) that commercial Con A contains several molecular species and several subunit fragments. Agglutination could be caused by one of these species, while the effects on transport might involve the action of several fragments or subunits.
While there also appears to be no difference in the number of WGA-binding sites between normal and transformed cells (19, 20) , preferential decrease in amino-acid uptake occurred when WGA was added to transformed cells (Table 5) (20, 22) .
The use of nonagglutinating monomeric subunits of Con A (23) may clarify the lectin effects on transport.
The important question of whether the changes in uptake can be used as a specific measure of transformation requires further study. However, Martin et al. have suggested that under appropriate conditions the increased nutrient uptake by transformed cells is specific and is not dependent on increased rates of cell division (9) .
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